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Table 1 0 Example of computations required for optimally allocating sample size
within strata. Ta~en from-deer data.

1/ Optimal allocation values represent the number of sample units chosen for the
census (80) multiplied by "Ii s us a proportion.

= Total number of possible sample ~mits ~ per strat~

- Proportion of possible sample units per stratum .

= Number of ,trail and animal sightings within strata from transect
data. Used in place of standard deviation.

Definitions :
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Tsble 2 0 Example of calculations req~rired to derive a population estimate and variance ..
Taken from deer data •

._--_._--------_._--_._- -._.._- _._.-- - _. __.- _._--_._- ---- -_._._.------- ..-- --_._-

Definitions:

1/ The qu~~tity l-w is a population correction factor WInch may be ignored if less than 0
0
1

0

w = Proportion of each stratum sampled (n IN) ..
W = Proportion of area included in each stratum (N IN).
J;: s NUI::lber deer observed per stratum.

Total population estimate X = (x Iw ) = 1220 0 5 deer

POPulat~on mean X = X IN = 0.8 deer/kilometer2 (2 .. 1 deer/mile2)

Variance of the popul8tio~ estimate 0 2 = (ll 2 s 2/ n ) (l--vv )1l = 0.079
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N )0= Total area included in study area (

= ~J.a01h~t of area (kilometers2
) sampled in ea.ch stratum.

= Amount of total area included in each stratum.

= Sample mean number of deer per stratum (x /n

2 S't'· ( \2/ 1= ra~a varl~~ce = x - x ) n - 0s

x

n

N

N

2 I
I 2 21 )Stratum n N \rol H x x s x Iw vf s n ) (l-w

Density

High 52.2 24307 0 0 214 0 0 158 140 2.7 14 0 2 653.9 0.014

Eedium 35 .. 9 330.5 0.109 0.214 29 008 15 0 6 267.3 0 .. 045

LO'if 116.5 968.2 0.120 00628 36 0 .. 3 207 299 .. 3 0 .. 020
------ - ,-_. - -

Tota.ls 204.6 1542 0 4 10000 205 1220.5 00079
-------------_.- -----



Table 3. Results of the 1977-78 deer-moose aerial census.
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m
r DEER lIOOSE

The distribution and density of moose did Hot l'larrant Ci medium density strutu.rn.

204.56 205

Correction factor£! x 2.92

Corrected total 3567.7

Deer!YJIl2 y 2.3

Deer!mi1e2 6.0

217.2

177.30.1320

Hoose Seen

Per Projected
No. Y.m.2 Total

10 0.18 39.925.06

11.28

;s of
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Correction factor 21 x 2

~Qr:r;'~cted total 434.4

flloose/)Crn
2 i/ o._?.§.

NOC2...~_e!I'lile2 0.73

Cou-YJ.ted

54.55

Y

Area

203.94
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35.87
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Table 4. Results of deer observability tests.

Reciprocal of percent observed.

Number of radio-tagged deer observed by both pilot and passenger.

Weather was poor when any of the following conditions prevailed: winds at 10 mph or above,
temperature below _28oC, a low cloud cover or SllOW falling. I!hen temperature was above
-IOoC, winds were light or cdlm, cloud cover was li~ht, and there WaS no precipitation,

conditions were considered good.

Fair 11 1 9.1

Fair 5 2 40.0

Good 11 4 36.4

Poor 11 6 54.5
~---_._._-----_.,... -- _._----

38 13 34.2 2.92
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Factor 21
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._------- - _._---------------
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._.---- -----~------
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13.

APPEIWIX I • Plot location and sto.tistics.

......_~__..2____._______·__,~__·_.__~_·_.>·____________·_·_·_--"._~'-~."-------.~.'- ___'_._." --,._.....~......'-_.- -----___..______
I'lOOSE DE,'ER-,-_._ ..... -_.- _..._- ~ -_. _.- ._-_..,-...._-_....._._~-----_.-

lvlinutes for Area. Stratmn Number Stratum Number
Plot Location Completion Km2 Density Observed Density Observed
---------,--"'_..----,._-_.--,."._..------_.._--._-_._--~---=._.-_."_ ....- ._-_.----_. --- ._~- ..- --,--'-- --_.,......_._-_...._----.-

'1'. 62-R.ll-Sec. 3 21 2.1 1mv 0 High 2
tl 11 Sec.9 28 2.7 10\1' 2 High 0
II 11 Sec.17 26 2.2 1m-T 0 High 4
1I II 8ec.22 25 2.5 1m'{ 0 High 7

T.62-R.12-Sec.25 17 2.3 La-w 0 Hedium 0

T.62-R.ll-Sec.31 24 3.2 1m'{ 0 HiGh 6
1I 11 Sec.35 30 2.7 Low 1 High 4

T.61-R.I1-Sec. 5 20 204 LOvT 0 High 6
II " Sec. 1 18 2~7 High 5 Lov; 0
11 " Seco 7 21 2.9 LoVl 3 High 2

" II Sec. 9 24 2.7 Lov[ 0 Hi.gh 4
T.61-R.10-Sec. 7 16 2.5 Hish 0 L011 0

II " Sec.10 14 2.. 4 High 0 Lm" 0

" II Sec.17 25 2.8 High 0 Lm1 0
II 11 8ec.15 20 2.6 High 0 1011[ 0
II " 3ec.13 22,. 3.2 High 0 Low 0

T.61-R. 9-Sec.17 17 2.9 High 3 1mv 0
~.61-R.ll-Sec.23 15 2.0 High 0 Low 0
T.61-R.12-Sec.25 24 2.8 10w 1 Medium 0
T.61-R.ll-Sec.27 22 2.8 High 2 10w 0

tI II 8ec.25 15 2 0 6 High 0 Low 0
II " 8ec.31 14 2.8 1011[ 3 I'ledium 0

T.61-R.I0-Sec.31 23 2.6 High 0 Low 2
T. 60-R.12-Sec. 2 21 2.5 101v 0 Hedilun 13
T.60-R.13-Sec.ll 12 205 10w 0 High 9
T. 60-R.12-Sec. 7 18 2.6 10VT 0 High 14
T. 60-R.11-Sec .10 20 2.6 HiGh 0 Low 4

" " Sec.ll 21 2.7 High 0 Low 0
T.60-R.I0-Sec. 9 16 2.9 Low 0 10vl 0
T.60-R.13-Sec.13 25 2.8 10\1 0 High 9
T.60-R.ll-Sec.15 18 2.7 High 0 Low 0
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~.......... _ .•. _ ....-__._---_._--._.~_..._._,.•_---_._-----..--._~~ ......-_.._"_.._ .._~,._""" ..q

--_._",---~

I'lOOSE DEER
._....e- ..........________~___,___ -_....-~------._."--

l\~inutes for Area stratum Number stratum Number
Completion

r)

Denc.ity Observed Density O"bservedPlot Locution y..]),-

_.-.._----<=, --~ ......._-~_.,~-_ ..." ------_.-.----,_._-----~----.-..._--, ..,-.."--~~ .......... _.'---- --------._--_.._---------
T.60-R.IO-Sec.1S 22 2.5 High 0 LOv7 0

T.60-R.13-Sec.2l 31 2.. 6 Lm'1" 0 High 10
II II Sec.22 20 2.. 3 Lm'/' 0 High 9

T.60-R.12-Sec.21 19 2.5 Low 0 Lov1 0
II II Sec.24 15 2.6 LOI'1 3 LOv1 0

T.60-R.13-Sec.29 27 20 9 Lov1 0 High 7
T.60-R.ll-Sec.26 23 2.. 4 High 0 Lm'l 6

II II Sec.35 20 2.6 Hi,,!h 0 LO\'l 0

T.60-R.I0-Sec.31 18 2.6 High 0 1mv 3
T.59-R.12-Sec.4 21 20 2 Lm-r 0 Hedium 0

T. 59-R.I0-Sec. 6 23 2.4 High 0 101'7 1

T.59-R.13-Sec. 8 20 2.3 LovT 0 LUVT 0
II II Sec.ll 17 2.3 Low 0 Low 0

T.59-R.12-Sec.12 21 2.2 LOv-T 0 Lmv 0

" II Sec.lS 30 3.4 Low 2 Low 4
II II Sec.13 19 2.7 Lm-r 0 Low 0

T.59-R.13-08c.22 19 2.4 High 0 LOll 0

T.59-R.ll-Sec.23 14 2.3 Low 0 LOVI 0

T.59-R.13-Sec.27 11 2.6 High 0 Lm! 0

~.59-R.12-Sec.28 16 2.3 Lm-r 0 Low 0
T.59-R.14~Sec.35 20 2.. 6 Lm1' 0 LOv7 1
T. 58-R.12-Sec. 4 14 2.3 Low 0 Low 2
T.59-R.l1-Sec.31 17 2.. 4 Lm'/' 0 LOvT 0
T.58-11.13-Sec. 5 20 2.3 Lmv 0 Lmv 7
T. 58-R.12-Sec .. 4 14 1.8 Low 0 Low 0
T. 58-R.ll-Sec .. 5 17 2.0 Lo~v 0 L01'I 0
T.. 58-R.14-Sec.l1 20 2.3 LOI'l 0 Nedium 2
T. 58-R.12-Sec .. 12 20 2.7 Low 0 Low 0
T.58-R .. 14-Sec.15 20 2.7 Lm'1 0 Nedium 2

II tI Sec.13 25 2.9 Low 0 Nedium 0
It tt Sec.20 26 2.8 Low 0 High 14
It " Sec.23 20 1.6 Low 0 1m., 2

" II Sec.24 18 2.2 Low 0 Hedium 1
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IVIOOSE DEER

Plot Location
Jilinutes for
Completion

[:3tratum
Density

Number
. Observed

Stratum
Density

Number
Observed

Totals

T. 57--R.14-Sec. 23

'1\ 57-R.I3-..Sec. 5

T.5B-R.13-Sec.36

17 1 .. 9 LmV' 0 1m'1 0

22 2.6 1mr 0 HiGh 8

23 2.7 1m'1 0 High 10

25 2.3 10".V' 0 High 10

21 20 5 Low 0 Nedium 0

26 20 5 LmV' 0 Nedium 9

15 2.5 LO".'1' 3 Low 2

26 2.6 LO".'1' 0 l':Iediwn 0

18 2.8 Low 0 101'1 0

21 2.6 1m'! 0 LOI'l 0

25 2.9 Low 0 l"lediwn 2

18 2.8 1m'1 0 10".'1 0

15 2.8 LmV' 2 Low 0

17 2.7 1mV' 0 11edium 0

22 2.8 10w 0 Lmr 2

_~L__ 3.0 Low 0 Hi[J'h 5--- .._- --_....-----_._-- ~-_.._-_.- -_. --_.-

1624 204.4 80 30 80 205

20 2.6

Sec.24IIII

II II Sec.31
II " Sec.32

" tI Sec.33
II II Sec.34

T. 57-It.12-3ec .19

T.57-R.14-Sec.36

T.57-R.12-Sec. 6

T.57-R.14-Sec. 9

T.57-R.13-3ec. 7

T.57-R o I2-Sec. 7

T.58-R.12-Sec.22

To 58-R.14 -Sec. 30

--------~ ..__._~--_.._--- ._--~----_.__..•.__._------- ~-- _.- - _.- -'--- - .... -- .... - - - - -- .. ". - - - .... -- - .---
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Floyd, T.J., L.D. Meeh, and M.E. Nelson. 1978.

An improved method of censusing

deer in deciduous-coniferous forests.

Submitted - J. Widl. Eanas'e 0
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AN IHPROVED NETIIOD OF CENSUSING DEER IN

DECIDUOUS-CONIFEROUS FORESTS

Aerial censusing has been used to determine densities of many large mammals,

including deer (Odocoileus virginianus) in agricultural areas or deciduous

forests (Saugstad 1942, Horse 1946, Petrides 1953, Sanderson 1953, Berner pers.

Comm.) . HO'I,vcver, observability of deer frmo. the air re.mains a problem in
" ~

northern conif erous forests.. LeResche and Rausch (1974) determined tho. t even
•

I' •

witll the much larger and more observable moose CAlces alces) during ideal snow

conditions, experienced observers only counted 68 percent of a kno~vn number of

animo.ls; irlC'xpericllceJ obserVL~rs counted 43 percen t. Cau[;hley (197/~) and

Caughley et al. (1976) sugr;:2stcd th.:lt the best solution to the problem of

observability in aerial censuses is to measure the magnitude of the biases that

exist, and correct estimdte~~ L,ccorJii.1(jly. '1'.his paper describes an attempt to

measure obscrvability bias i.n an aerial census of deer in deciduous-coniferous

habitat and to produce an acc.arate estimate of numbers.

STUDY AREA

The study ~vas conducted in a 393 to 399 km2 portion of the Superior National

Forest (SNF) in Lake County, Hlnnesota lying northeast to northwest of Isabella.

The area included parts of Towuships 59, 60, and 61 North in Ranges 8, 9, and

10 West of the Fourth Principle Meridian.
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The vegetation of the study area is mostly maturing coniferous-deciduous

forest. Fc~., unmixed stands remain except in lowlands, which occupy about

'one-third of the area and are dominated by white and black s,pruce (Picea

£l~ and mariana). Balsam fir (Abies balsamea), red pine (Pinus resinosa)

jack pine (Pirlus banksiana), aspen (Populus tremuloides), and birch (Betula

.EE..P.Y:.~ifera) predOl;)inate in the uplands. About 25 percent of the upland consi.sts

of red pine and jack pine plantations. tfuch of the area has been cutover since

1935 (Peek et al. 1976), and is still being logged on a small 'sc~le.

Deer had declined in' the region from 1968 through 1974, and an area of more

th.:1Il 3,000 1<.m 2 just north of thL~ [,tudy area has been devoid of ,,,intcring deer

since 1972 (Hech and Karns 1977). Some deer immigrate into the study area to

winter, usually by December (Nelson 1977), but there is no evidence that deer

resident in the study area emigrCl,tc in ,,,inter. Thus our winter estim.::ttes

probably exceed the actual number of deer inhabiting the study area for most of

the year.

11ETHODS

Our c.ensus technique involved two basic steps: (1) aerially counting deer

in census plots, and (2) testing the observability of deer in test plots

·similar to the census plots. He eonduc ted three censu~es, from 7 December

1975 through 4 January 1976, from 25 January through 11 February 1977, and

from-I3 February through 3 Hareh 1978. Maximum snow d2pths during the three

censuses were 61, 46, and" 73 em, while mir.imum temperatures were -37C, -40C,

V;t?I'-~_

Th~ count.s/l.based on stratified random sampling with optimal

alloc~tion of sample riots, a type of sampling particularly applicable to

populations lvith clumped distributions (Cochran 1967). Census stratification
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and plot allocation were based on aerial strip ~urveys of deer and tracks in

transects .8 1an apart, involving 7 hours of flying. Plots within high,

medium, and low density strata were chosen at random. Several workers have

used this design in estimating populations of big game animals and describe

the technique in greater detail (Peek et ale 1976; Siniff and Skoog 1964).

Our censuses were made under clear to bright-cloudy light conditions at

altitudes from 60 to 150 meters above ground from a Piper PA-18~-150 Super Cub
~ ,

aircraft. The Super Cub proved highly advantageous because of its maneuverability

and ability to fly at low speeds and altitudes.

Both pilot and passenger (senior author) searched the plots intensively in

a series of over-lapping circles such tha t each piece of ground \-las observed at

least once. '.Jhenever a deer Has sighted, the pilot was requested to circle until

the observer was satisfied that as many animals as possible were observed. Census

• plots \vere approximately 2.6 1an2 each Hith boundaries based on identifiable

landmarks such as ridges or streams, and averaged 17 minutes each for completion.

We censused 40 to 45 plots each year.

We used radio-tagged deer (Hoskinson and Mech 1976; N0 1son and Mech in prep.)

to test our observability bias in the census. .:'T'" i ""1"( radio-tagged deer '-lith

color-coded collars ,,-'ere available, ten in win teL' 197 5~76) four in 197 6-77i cu.Jd /0 IN

1~'7-i~""8 (Nelson 1977). .the collars did not seem conspicuous enough to increase the

observability of the deer. Test plots of 1 .. 3 to 2.6 km2 containing radioed deer

were located on maps by an impartial observer and a pilot other than the census

pilot (Table 2). Test plots were then searched within the next few hours by the

senior author without redia telemetry, using the same pilot, plane, and search

techniques as in the counts. In several instances the same deer were used

during different days but only if their locations changed between trials. The

test plots were located in the same region as the census area, although not
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actually '\orlthin the census area. We3.ther and c9ver variation among plots and

tes ts \'las similar to tha t during counts. Thus \ve assumed tha t the propor tion

of collared deer missed in the test plots approximated the proportion of deer

missed in the census plots. Correcting census data \vith the figures thus

derived gave an estimate of the actual deer density.

RESULTS AND DISCUSSION

/'

Deer were observed under forest conditions varying from open canopy to

an estimated 80 percent closed canopy. In winters 1975-76, 1976-77, and 1977-78,

51, 55, and 69 deer \verc seen during the censuses. However, the 10\., dcnfjity

stratum constituted an increasing proportion of the cen us area each year, from

62 percent in 1975-76 and 63 percent in 1976-77 to 79 percent in 1977-78.

Furthermore, the number of deer seen in the low density stratum dropped from

.16/}~2 in 1975-76 through .lS/km2 in 1976-77 to a in 1977-78 (Table 1).

Therefore, ",hen these densities are proj ec ted to the entire study area the mean

number of deer seen actually decreased from .40 deer per km2 in 1975-76 to

.33 in 1976-77 and .20 in 1977-78.

The observability tests indicated that 56 percent of the deer were seen during

the first winter, and 50 percent during the second and third (Table 2).

Correcting the census results by multiplying them times ~he reciprocals of the

observability figures for each year yields total estimates of .70, .66, and .40

deer per km 2 (Table 1).
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The observability of collared deer remained remarkably constant between test

days and between winters despite variable weather (Table 2). The results of the

observability tests indicat~[hat, with the intensive search method of counting

deer under the conditions in our study, approximately half of the deer are seen.

To apply our technique for correcting ae~ial censuses of deer over large

areas, we suggest that observability tests be made several times during the. ) .

census, because ground and weather conditions can change throughrut the census,
I'

and that deer observability be tested in different cover types, with separate

correction factors applied for each type.

Although observability tests add substantial expense to a deer census,

they increase the accuracy of the results considerably. Furthermore monitoring

the movements of the radioed deer provides s.igl1ificant insight into seasonal

migration patterns and distribution, phenomena that other deer census methods

~have failed to consider. Such insight puts census data into both seasonal and

areal perspective.

It is not yet clear whether our census technique is sensitive enough to make

precise year-to-year comparisons. However, it certainly is accurate enough to

provide an excellent indication of gross deer density and to document the fact

that in the present study area, deer nwnbers are exceptionally low.
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various aspects of this study: Mark Kortkamp, Steve Knick, P. A. Jordan and
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1975-76 1976-77 1977-781.1

Area counted Deer seen Area counted .:Deer seen Area counted Deer seen

Jensity % of Per Projected ;; of Per Projected % of Per Projected

:;trata kn2 stratum No. ..km2~ .'~ Total k;n2 stratum No. km2 Total km2 stratum No. km2 Total

:igh 50.S 41 40 .79 97.6 56.4 71 37 .66 52.1 72.0 88 69 .96 78.4

:~dium 4.5 15 3 .67 20.0 18.2 26 11 .60 42.3

:"0'.-1 49.5 21 8 .16 38.1 46.8 19 7 .15 36.8 33.0 11 0 0 0

./ Because of increase d winter severity, deer were more concentrated, so there was no medium density stratum.

Table 1. RESULTS OF THREE AERIAL CENSUSES

104.8 Total 155.7 121. 4 Total 131.2 105.0

2/
x 1.77 correction facto~/ x 2.00corrected factor-

corrected total 276 corrected total 262

deer/km2 • 7all deer/km2 .6&~j

I From Table 2.

I Study area was 393 km2 in 1975-76, 399 km2 in 1976-77, and 395 in 1977-78.
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TABLE 2. k~SULTS OF DEER OBSERVABILITY TESTS

0..
("\')
(l)

!'1

o
ctl

='C,?
C
'.Q

",
rot

t:l
l-l

l-'l
~

o
'<c.

2.00

1.79

Correction
Factor3

Known Number of Number CollaredL Percent
Collared Deer Deer Observed Observed

6 3 .50.0

10 6 60.0-

16 9 56.3

4 2 50.0

4 2 50.0

8 4 50.0

7 L~ 57.0

3 1 33.0

6 3 50.0 '

6 8 50.0

Good

Good

Fair to
poor

Fair

o
Totaro 1977

-i

(/)

FebrS;ry 28, 1978 Fair
UJ
.C-

¥~rcrn12, 1978 Good
()

Marc~15, 1978 Fair

o
JJ

Totatnl978 1-
<
m

FebrCG ry 9, 1977
m

---u~~---------

Test
n~ teu

-:0
m

Jant:f-:"!"Y 8, 1976

s:
3anuzY 9, 1976

~----------------
:0

Tota3:< 1976
o
JJ
»Feb:''.:'f1-ry 3, 1977
-I

~

_~/ Weather was considered poor when any of the following conditions prevailed: winds high,

temperature below _28 0 C, cloud cover low, or snow falling.

..
~. • ''; 0

\~nen temperature ~as ~bove -10 C,

winds were light or calm, cloud cover was light, and there was no precipitation, conditions

were considered good.

2:..1 Number of radio-tagged deer observed using both pilot and passenger. \D

3/ Reciprocal of percent observed.
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